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dwa FOR D TftfT^™" FHKTff* nrYBTTS KARIHII 
Tnt-rndnctlon 

PnfflrTT«"« ^rlnll is established as the 
prime cause of opportunistic pneumonia in patients with 
AIDS and those immunosuppressed on oncology and 
transplant units. Debate over the taxonomy of 
P.narinli continues and the fastidious nature of the 
parasite still demands the use of microscopy after 
histochemical staining or immunofluorescence for the 
detection of the parasite in diverse forms of lung 
samplings 11,2J. The requirement for observer 
expertise is significant and limits the diagnostic 
!5 power of these techniques. There are sound theoretical 
grounds for believing that DMA salification using the 
poly-erase chain reaction (PCR) 13] might provide both 
a specific and sensitive means of identifying the 
parasite in clinical samplings and one that finally 
20 migh t be amenable to autonation. Other applications of 
DNA amplification to the study of the epidemiology of 
Pnarinli infection are also evident. 

European Patent Specification 327390 
describes DNA sequences produced by recombinant DNA 
25 technology from an experimental rat model which 

hybridise to DNA of P-^rinii but not to mammalian DNA. 
These DNA sequences were present as inserts in plasmids 
of which two were designated pAZ 102 and pAZ 112. This 
invention results from further work described herein :- 
30 A . we have sequenced the inserts of pAZ 102 and 

pAZ 112. The sequences are set out in Figures 1 and 3. 
B usin g suitable oligonucleotide primers we 

have amplified, by the polymerase chain reaction (PCR) 
technique, p ^inll DNA from infected rat lun* 
35 samplings, to an extent that the amplified DNA was 
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easily detectable by staining an electrophoresis gel. 
In the same way, we have amplified P.carinii DNA from 
...infected Jiuroan . lung samplings. 
C. Analysis of the amplified DNS from human 

samples has shown significant sequence differences from 
5 the infected rat material. The human sequence is set 
out in Figure 1, and the similarities and differences 
between human and rat sequences are highlighted. 
.D- .* !Ehe?^ hinaa3i-:»eqttfiiice^ leads to r improved 

oligonucleotide primers which more efficiently amplify 
10 P-carinii DNA of human origin. 

E. We have developed a more sensitive detection 

system, involving hybridising the amplified DNA to a 
labelled probe which probe is part of the sequence 
det^nnined ±n C * ^ii*texi»aiate the -two : primers. By 
15 these means we are able to detect P.carinii DNA, and 
thus to diagnose infection by P.carinii. in patients 
who do not (yet) show clinical symptoms. 

In one aspect, this invention provides, as 
new chemical compounds, the nucleic acid sequences 
20 shown in Figures 1 and 3, single and double chain 
fragments thereof at least 15 nucleotides in length, 
and nucleic acid sequences and fragments having at 
;least «D% homology * thereto - These result from steps A. 
and C. above. 

25 i n another aspect, the invention provides a 

method of assaying a sample of DNA from respiratory 
secretion of a patient possibly infected with 
Pneumocystis carinii . which method comprises using a 
pair of oligonucleotide .primers* based .on the sequences 

3° shown in Figure 1 or Figure 3 to amplify by a 

polymerase chain reaction a polynucleotide sequence 
derived from P.carinii if such sequence is present in 
the sample, and detecting the amplified sequence if 
: present. This Is step B. above, and steps and £ . 

35 constitute preferred features of the method. 
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For maximum efficiency and specificity of the 
PCR reaction, the choice of oligonucleotide primers is 
critical. The primers must be based on the sequence to 
be amplified and may be identical to the two ends. 
However, identity is by no means essential (R. Sommer 
and D. Tautz, Nucleic Acids Research, Vol. 17, No. 16, 
1989, p. 6749) . Generally the two or three nucleotides 
at the 3' -end of the primer, and at least 50% 
(preferably .at least 90%) of all the nucleotides of the 
primer, are homologous to the sequence to be amplified. 

The primers are partly or completely 
homologous to particular sites of the sequence to be 
amplified. For maximum efficiency of the PCR reaction, 
the location of those sites is also important. 
Although most primers will work with varying degrees of 
15 success, general guidelines for obtaining useful 

primers are found in the literature (see Saiki R. K. et 
al.. The Polymerase Chain reaction in Genome Analysis 
(BdK. B. Davies) IRL, Oxford, 1988). Howover, the 
design of effective primers tends to be empirical. 
20 Described below are one pair of primers derived from 
pAZ 102 that have proved outstanding; and several 
pairs of primers derived from pAZ 112 that have proved 
effective. 

In other respects, the PCR conditions may be 
25 conventional. The primers may be at least 8, 

conveniently about 20, nucleotides in length. The 
number of cycles required to achieve sufficient 
amplification may be from 15 to 50. If required to 
improve specificity, two different pairs of primers may 
30 be used. The resulting amplified sequence has a 
predetermined length, and moves a predetermined 
distance on an electrophoresis gel. The resulting band 
can be visualised, either by conventional staining 
techniques, or by hybridisation to a labelled probe 
35 which probe is homologous to part or all of the known 
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sequence being amplified. 

Reference is directed to the accompanying 

...Figures , in .which : - 

"" Piguxe 1 comprises sequence data on 
different DNA samples. Row 1 entitled "Rat" is from 
^ lung samplings from a rat infected with P.carinii- 
Row 2 entitled "Human" is from lung samplings of 
infected humans/ Secondary structure has been taken 
^: ;d.nto.. eoxtsi'deration- ana gaps { - ) .introduced /to obtain 
maximum alignment. Numerous differences between human 
10 and rat sequences are shown boxed. 

Figure 2 is a diagram of the circular plasmid 
pAZ 112 showing certain features including the 
positions of polynucleotide primers used in PGR. 

Figure 3 comprises the complete sequence of 
15 the insert of pAZ 112, with the oligonucleotide primers 
marked. R/C means reversed and complemented, i.e. the 
actual sequence of the primer is the reverse and 
complementary to that marked. 

Table 2 lists the oligonucleotide primers 
20 referred to in Figures 2 and 3. 

Table 3 lists the primer combinations 
successfully used by us and the approximate size of the 
resulting .amplification product . 

The following Examples illustrate the 
25 invention. Example 1 relates to DNA from the plasmid 
pAZ 102 whtfse sequence is shown in Figure V. Example 2 
relates to DNA from the plasmid pAZ 112 whose sequence 
is shown in Figure 3. Example 3 reports a clinical 
trial i ollwing the inetiioa of Example 1. 

30 

Example 1 
Methods 



35 
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tte mitochnrYfr-ial ribo* ™** *H* frcffl P. carinij 

p^Sdaii pneumonia was.induced in the rat model and D* extracts and 
cloned from a parasite enriched fraction as previously described [4] • 
P.carinii specific sequences were confirmed by characteristic xn_sjtu 
hybridisation patterns and recc<rtoinant plasmid pAZ102 was selected as a 
candidate mitochondrial sequence because of strong signals derived in dot 
blot hybridisation studies on infected sanples. The recombinant plasmid 
pAZ102 (insert 570 bp) was sequenced using Sanger's chain termination 
method and the Sequenase kit (United States Biochemcal Corporation, 
Cleveland, USA), ^(Arcershan, UK), Sequagel (National Diagnostics, 
Manville, USA) . The CNA sequence was ccpared with those available in 
several databases including MBL and Geribar*. From the sequence data on 
PAZ102 and oomparative analysis of the databases, the fragment was 
identified as a portion of the gene coding for the large submit of the 
ndtochondrial, ribosoroal RNA of £tcarjni4 and this showed significant 
horology with fungal sequences (manuscript in preparation) . 

"1 j* r - r .«-i«»*t--fde primers 

Two sequences of acderate conservation that were specific to P^rinii 

were selected for construction of oligonucleotide prijrers for the 

polymerase chain reaction:- PAZ102 - E:-5^TOGCIolTIOCAAGOOCA-3 • ; 

p^^-Ht-S.^a^O^IACIC-S' . An oligonucleotide for confirmatory 

Southern hybridisation on amplification products was chosen, pAZ102-U. 

Subsequently a new internal oligonucleotide specific to human P.carinii 

sequences was constructed, pAZ102-U (Table 1) . 

Tenplate_B& 

i) sailings for DNA amplification using our oligonucleotide priirers 

carprissd a) pulironary lavage sailings fran 3 humans and 3 rats with 
P.carinii pneumonia documented by methenamine silver staining and 
micrcscopy, and b) isolates from a series of organisms including son* 

SUBSTITUTE SHEET 
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potential pulmonary pathogens: Candida (an albicans and a non-albicans 
strain), Crvptoooccus neoformans . Mycobacterium tuberculosis . 
Saccharo nvces cerev isiae and Aspergillus nidulans . 
ii) Tenplate CNA was prepared from each sample by proteinase K digestion 
in the presence of SDS and EDIA followed by phenol/chloroforn/ether 
extraction, and ethanol precipitation. 

Using primers pAZ102-E and pA2102-H the tenplate samples, together with 
control sanples without tenplate underwent 40 cycles of amplification 
performed with denaturation at 94°C for 90 seconds, annealing at 50°C for 
90 seconds and extension at 72°C for two minutes (Techne, UK) . The QNA 
a nplffi^ (50 pi) contained SQnM Kd , ' 10 , nH Tris, pH. 

8, 0,01% (w/v) gelatin, 3mM MgCl 2 , 400 fM dWTPs (Boehringer Mannheim, UK), 
0.4*1.0 oligonucleotide primer and 3 units of Amplitaq {Perkin Elmer 
Ceteus, UK). 

To avoid the possibility of false negative results in the human clinical 
samples, i.e. failure to detect the specific amplification product for 
technical reasons, we carried out a parallel polymerase chain reaction on 
eaefc sample using ^prinras 'dOTved J frcm the human anti-thranbin gene, exon 2 

These primers, (ATI: -5'- 

GTTGCAGCCTAGCTTAACTTGGCA-3 1 ; ATI : -5 ' -GGTTGAGGAATCATTGGACTTG-3 1 ) allowed 
amplification to take place using human genocide ENA as tenplate. In each 

of the clinical sanples the 500 hp qppci f ic. product was detected, 

demonstrating efficient anpTIfication. 

The potential problem of contamination in PCR was monitored by 

systematic use of the following techniques: i) including several negative 

control samples with no added tenplate ENA; ii) by the use of UV- 

ir ra dia t i nn of the SCR reaction itebces prior to the addition of the tenplate 

EKA [5] ; iii) the use of separate disposable microcapillaries for the 

addition of each tenplate (laser Laboratory Systems Ltd, UK) . The control 
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sables remained negative in all experiments. 

A^ified products (10 ,1) were electrcphorased in 1.5* agar** gels and 
visualised after ethidium bromide staining by ultraviolet light. The gel 
was Southern blotted on to Hybond N (A**rsham, UK) and hybridist with < P 
erf-labelled internal primer at 46°C (E *Z10 2 -U) or <0°C ^02-12) for 3 
nours^. Filters were subsequently washed at nigh stringency at 
(FM10 2-U) or 48* (^102-12) and filters exposed to radiographic film at 
- 80 Oc with intensify** screens. The expected amplification product was 
35Sbp long in the rat derived parasite, that fro* the human derived 
parasite being 9 bp shorter. 
-r T -Tr { Tn " f nf ™* ^ification 

«. » product was gel purified and recovered f ran the agarose gel 
usi^GenedeantBiolOl,!-). T^ purified 1^ - heat dena^red -I 
sequenoed as described above using primers p*Z102-H or pA2102-E at 
20pnole/Ml- 



^ oligonucleotide primers derived fran rat l^ii produced 

, - „ ific sequence from both rat and human hosts, 
efficient amplification of specific sequent 

^hyethidtabrc.da.st.inir, tut none fro. the range of 

^ o^i^ iKl-rfin, s=* P****™- 

■X* internal oUg=~=l.*i*. «-*- tOT S ^ 1, 

^ hybridisation sigrals on S«them hybridisation with 

^ied profccts fr. the infected rat lungs, ■* -* * 
stri^. with tn. * fOT — alth ~* . 

these were visible on ethidiu» breedoe staining. Direct 

J - Rifled fro. each o t the ret ^ >-an s»*les 

.no** c»rerison of their s**«nce end demonstrated lifted but 
coexistent differences between the £acaxj£l£ frwn these tow hosts which 

• -v~ ^.pnce of the internal oligonucleotide 
included 5 base changes in the sequence or *ne u 

pA2102-Ll (Table 1). 
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WO 91/19005 



- 8 - 



PCI7GB91/00869 



An oligonucleotide specific to the human derived organisms was 
constructed; >pAZI02-I2 , . vhirh\ ; showed strong hybridisation with the 
amplified product from human P.carinii and conversely showed weak 
hybridisation with the rat P.carinii amplified product. It 
produced no hybridisation with the PCR products of the range of other 
organisms- tested. 

Studies using serial dilutions of human derived P.carinii template DNA 
indicated that the application of oligoblotting with pAZ102-L2 to 
amplified DNA products increased the sensitivity of detection by at least 
OOO fald visualisation by etMdius;*rc«ide staining. 



The P.carinii oligonucleotide primers successfully amplified specific PCR 
product from bronchoscopic alveolar lavage samplings from 10 HIV-positive 
individuals with Pneumocystis pneumonia as documented by positive 
methenamine silver staining on the lavage samples* Lavage 
samples from 5 Immunocompetent subjects were studied as controls. These 
failed to vshow :specific PCR product by ethidium broaide -staining or 
oligoblotting. 

Discussion 

We !rev» t^muw I se* * portion ^of the-fene? tttffhg ^ Mrge sub^ii^t 
of mitochondrial, ribosomal RNA froa P.carinii and cooperative analysir 
this indicates significant homology with fungal sequencer-; ' This result 
accords with data we have on other mitochondrial genes 

and the observations of other . groups on ribosomal HNA[7 ] * 
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We have identified P.carinii specific sequences fro. which we have 
constructed oligonucleotide P ri.ers which allow efficient edification of 
part of this riboso-al RNA gene fro- P.carinii infecting both rat and 
huB an hosts but not fro- a range of other organisns including so.e 
potential pul-onary pathogens. These result, indicate the specificity of 
the a*!!!*- Products to >.carini l, confirmed on Southern hybridisation 
wlth internal oligonucleotide P AZ102-L1 derived fro. the rat sequence and 
applied to the rat pul.onary sailings. Result, fro. the huaan sa-pUngs 
auggested the likelihood of differences in sequence between the a-plified 
products fro. the rat and hu.an. This was confirmed by co.parison of 
aequences which indicated li.ited. but consistent differences. 

This finding is highly relevant to the hopes for developing DMA 
.^fiction a. a dia^tic tool in clinical aedicine. * mm 
^ our oligonucleotide pri-er. can be used to identify the presence of 
P.carinii in a nu.ber of bronchoalveolar lavage saaples. By using our 
second internal oligonucleotide. PAZ102-L2. which is specific to huaan 
P , carlnt i , the sensitivity of detection of amplified product is 
considerably increased. This .ethod shows great potential for use on 
non-invasive sa-ples such as induced sputu. where parasite nuaber, are 
lower. It will not only be valuable in diagnosis but also in addressing 
questions relevant to the epidemiology of ^carinii. 

The application of DMA amplification to diagnosis will require careful 
calibration to ensure that levels of f^carinii in keeping with clinical 
pneuaonia can be distinguished fro. lesser degrees of colonisation that 
.re likely to occur in the i.aunodeficient before clinical disease is 
..nifest. Such .ethods of calibration of DNA edification are beco-ing 
available [8.9] end their application to diagnostic studies on P i c 1 rinii 
in diverse clinical sailings, including lavage and induced sputu.. are 
now required. 



Example 2 



For. pAZ .1 12 we used the .techniques described 
in 'Example 1, 'and "-the oligonucleotide primers given in 
Table 2 in the combination set out in Table 3. We 
achieved amplification by PCR of the sequences of 
pAZ 112 shown in Figure 3. * . 

Clinical Specimens 

Alveolar lavage samples were obtained from 47 
patients investigated by bronchoscopy at the Churchill 
* Ua&±tal^ QxIojA, and at ±he Middlesex Hospital , 
London . 

Thirty seven patients were imunosuppressed, 
either by HIV Infection (33) or by treatment for 
lymphoma (2), vasculitis (1) or leukaemia (1). All 
patients had symptoms of acute respiratory Illness with 
one or more of the following features: abnormal chest 
signs, arterial hypoxaeraia, or abnormal chest 
radiograph. The 10 remaining patients were 
iwmrnocowpetetrt, undergoing bronchoscopy tti investigate 
various respiratory disorders. Routine microbiological 
and cytological analysis including methenaraine silver 
staining was performed on each lavage and an aliquot 
reserved for the DNA amplification study, performed as 
described in Example 1 . 

Results 

On the basis of clinical progress, response 
to treatment with nebulised pentamidine (20 cases) or 
cotrimoxazole: (7 cases) and results of standard 
investigation including methenamine silver staining, 
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the 47 patients were eventually categorised into four 
groups (Table 4); 16 immunosuppressed patients wxth a 
positive diagnosis of - Pneumocystis pneumonia by sxlvex 
staining on lavage and response to treatment, 6 
immunosuppressed patients with clinical response to 
5 treatment, but negative silver stains on lavage, 15 
immunosuppressed patients with neither response to 
treatment nor positive silver staining on lavage and xn 
. whom an alternative diagnosis to account for the 
respiratory disease was available in 12, and the 10 
10 imroU nocompetent patients from the routine 

list The results of DNA amplification assayed by the 
visualisation of a 346 base pair DNA band after a) ^ 
ethidium bromide staining and b) autoradiography after 
oligoblotting were compared with these clinical, data 
!5 categorisations (Table 4) . 

No P n.nnll DNA was detectable in the 
samples from the immunocompetent group All oi r th. .16 
immunosuppressed individuals with ^ 1 ^ 
by methenamine silver staining on alveolar lavage had 
20 araplifi ed E^inU DNA visible by both ethidium 

bromide staining and oligoblotting. Of the 6 _ 
individuals judged to have had Pneumocystis pneumon a 
by clinical symptoms and response to treatment but not 
confirmed by identification of parasites 
25 sil ver stained lavage samples, 4 were posxtxve using 
DNA amplification - both by ethidium bromide staxnxng 
and oligoblotting - and 2 negative by both methods. 

Lesser degree of r. curtail infection were 
detected in the oligoblots - but not by ethidium 
30 bromi de staining - of the DNA amplification product xu 
lavage samples from 3/15 of the immunosuppressed 
sheets without Pneumocystis pneumonia. The xntensxty 
of L signal was less than that obtained from patxents 
with acute E^Xinii infection but significantly 
35 gre ater than a barely visible signal obtained xn 4 
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other samples from this patient group, and from 3 of 12 
preliminary washings of the bronchoscope after routine 
Gleaning. iand ..sterilisation . 

Example 4 

5 

The method of Example 1 was extended to test 
induced sputum samples. Fifty one episodes of acute 
xespixatxiry *LLLness in ■immnnostipprBsaed fiJV-±nf ecrted 
individuals were studied. Bronchoscopic alveolar 
lavage was obtained from each patient and in thirty 
seven instances induced sputum was also obtained. 
Samples were examined by routine raicrobiolpgical and 
cytological methods , including methenamine silver 
,& tfrtn1 Tin ± pit V . earinii *■ a ..part of eacli ^saaple was 
15 reserved for DNA amplification. DNA was extracted 

from 1 ml lavage or sputum by proteinase K digestion (1 
mg/ral final concentration of proteinase K, in the 
presence of 10 mmol EDTA, pH 8.0 and 1% weight/volume 
sodiumdodecylsulphate, at 50°C for 16 hours and 
tu phenol /chloroform extraction. DNA amplification was 
done with the oligonucleotide primers pAZ102-E and 
pAZ102-H, with denaturation at 94°C for 90 s, annealing 
a* 55°C f or 90 «, .and extension at 12°C ior 2 min f 40 
cycles). The amplification products were * subjected to 
25 electrophoresis in 1.5% agarose gel and the specific 
P.carlnti sequence (346 base pairs) was identified by 
visualisation with ultraviolet light after ethidium 
bromide staining or by oligohybridisation, after 
Southern transfer and autoradiography with the internal 
primer pAZ102-L2. Scoring of the DNA bands was done 
without knowledge of the results of silver staining or 
of final clinical diagnosis, which was assessed by 
clinical features and response to treatment with co- 
trixnoxazole or pentamidine, 
35 The results from the paired lavage and sputum 
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samples are summarised in the table 5 below A" " 

patients -no had a final clinical diagnosl , of 

Pneumocystis pneumonia and who also had a pos mve 

i , „„ i«vaae had a strong signal of 
silver stain on » tM uw saIn ple 

amplified '"^f^^ts wlth a final clinical 
5 and sputum. In 5 otner P" Ma «ti« s' lver 

4 i.,nosls of *^y>«' Z am^f lotion 

SU1 r'olarnv of^ « . -ere also positive in 

: stein was positive in onl, one 

W thtra of sputun, samples from cases of Pneumocystis 

pneumonia • 



Table a 



silver stain 
positive 



15 final clinical amplification 

""Tt! ep»tu. 8ltlVe i.vag. 

(numbers) spu 



20 Pneumocystis 

pneumonia (20) 

Other 
diagnoses (17) 



18 



19 



Positive signals - - » ^ „ "J^ 
categorised as 1 r ^ ^.^ only on 

8t a ln ln, of the ag.ros gel, Indepenaent 
autorad^graphy that a strong signal 

wea* signal indicates from - o ^ - » ^ ^ 

35 To. ctllical symptoms of Pneumocystis pneumonia. 
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whereas patients providing samples with weak signals 
are in the pre-clinical stage. Thus, in 20 cases 
Judged .to .have clinical Pneumocystis pneumonia, a 
strong DNA amplification -signal -was obtained ii» 19 
(95%) of the lavage samples and in 18 (90%) of the 
paired sputum samples. By contrast, microscopy after 
silver staining could only diagnose 35% of these cases 
on induced sputum. The sensitivity of the DNA method 
i«; -thexefore -sicellBnt; . it is unllkely-±ha± the single 
case, negative by both DNA amplification and silver 
staining on lavage, had Pneumocystis pneumonia. 

The specificity of DNA amplification may be 
Judged from the results of another study involving 44 
patients, in whom the final clinical diagnosis was of 
anatliex xeapiratory llineBs U*»- not Pneumocystis 
pneumonia) . A strong amplification signal' was 
obtained both in the lavage and sputum samples in only 
one of these 44 patients; this patient had had a 
previous episode of Pneumocystis pneumonia and returned 
with a further documented episode within ten weeks of 
the current study. 



25 



30 



35 



PCI7GB91/0O869 

WO 91/1 

- 15 - 



Iable_l 

Comparative seauence of oligonucleotides PAZ102-U (rat P. canon ) and 
DAZ102-L2 (human P. carinii ). 



PAZ102-L1 
PAZ102-L2 



5' - 
5' - 



A T A A G G T 
A T A AGGT 



G A G G 
A G A T 



A G 
A G 



T C G A 
T C G A 



A G 
A G 



- 3' 

- 3' 
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Table 7 

PAZ 112 - OliooB u sed In PP.R 

Hams Sequence Lanata 



5 

1F 



. 3fi 

15 



10F 
30 10R 



mer 

AGAACTGGATTCTTAGA - 17 



1 * A G A. A. G T A T CAAGTTGAT 

10 



25 

6R TCTTTGCCTTGTTAGGA 



17 



9F C T C A T G C T T C A A G T G A C 17 

3F CACTTTTACTAATAGCC 17 

. T T G A.T T.A.T. C .C.-A.A.C C A A G A 18 

4P TAAATCCACATTCAAAG 17 
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claims 

^ 1. The nucleic acid sequences shown in Figure 1, 

single and double chain fragments thereof at least 15 
nucleotides in length, and nucleic acid sequences and 
fragments having art - least 90% homology thereto • 

2. The nucleic acid sequence shown iri Figure 3, 
10 single and double chain fragments thereof at least 15 

nucleotides in length/ and nucleic acid sequences and 
fragments having at least 90% homology thereto. 

3. Peptide sequences transcribed from the 
nucleic. acid, sequences, claimed la Claim 1 or Claim 2. 

15 4 . * metlKXl or ^BSayiTiS a B*rtpl* of EWA fro* 

respiratory secretion of a patient possibly infected 
with Pneumocystis oarinii . which method comprises using 
a pair of oligonucleotide primers* based on the 
sequences shown in Figure 1 or Figure 3 to amplify by a 

2 ^ polymerase chain reaction a polynucleotide sequence 
derived from P.carinii if such sequence is present in 
the sample, and detecting the amplified sequence if 
present. 

5. A method as claimed in Claim 4, wherein the 
25 amplified sequence is detected by electrophoresis and 

staining. 

6. A method as claimed in Claim 4, wherein the 
amplified sequence is detected by hybridisation to a 
labelled: .probe wblch probe is a nucleic acid sequence 

3° according to Claim 1 or Claim 2 . 

7. A method as claimed in Claim 7, wherein the 
probe is the 20-mer. 

S'-ATAAGGTAGATAGTCGAAAG- 3' 
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8. A method as "claimed in any one of Claims 4 to 
7, wherein the oligonucleotide primers are:- 

5- -GATGGCT G T T TCCAAGCCCA-3' 
5' - GT'GTACG.TTGCAAAGTACTC - 3". 

9. A method as claimed in any one of claims 4 
5 to 8, wherein the respiratory secretion assayed is 

induced sputum. 
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VKDNRI KSI L *K*KTFRRN* 
l_KIIE *NLFCKNRRHLEETK 

*R**N KI YSVKI E D I * KKL K 
GTTAAAGATAATAGAATAAAATCTATTCTGTAAAAATAGAAGACATTTAGAAGAAACTAA 

370 380 390 400 410 420 

N L Y. L'*M ELS E P I N.L I F V I Y * 

I S I F R W S * A S L L I L S S L F T K 
SLSL06 VKRAY*SYLRYLLN 

AATCTCTATCTTTAGATGGAGTTAAGCGAGCCTATTAATCTTATCTTCGTTATTTACTAA 
430 440 450 460 470 480 

T K*YLNCLVFKLISION*I-I 
LSN r *IAWYSS*FQ*II K*L 

^VjpKL LQIQVNFNR* L N N 
ACTAAGTAATATT7AAATTGCTTGGTATTCAAGTTAATT7CAATAGATAATTAAATAA.T 

490 SOO 510 520 530 S-O 

N K Q N S A Y * N L K K C Y Y Q V * L V 
I N R I R L I K I * K N V I I K V M * S 

*TEFGLL KS EK M L L S S 1 1 

AATAAACAGAATTCGGCTTATTAAAATCTGAAAAAATGTTATTATCAAGTATAATTAGTC 
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e*|_L*LFLLLTGI*FC*VE. * o 

^ N 'c Y S S F F F S L E F S F V E * N K 

I A T ALSSSHWNLVL ' * R I S Q. 
AGCTAATTGCTATAGCTCTTTCTTCTTCTCACTGGAATTTAGTTTTGTTGAGTAGAATAA =■ 
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Y T \ % \ "l \ ' s Wl't "Y N V V Y V £ I_I 
GT ATTATTTCCTTAATCTATTCTATAAT TTTGACATATAATGTTTATTATGTAGP^TTA g 
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* L L S I V L * N . Y K V S L F I S C H L 

D Y F L F I F R I T K F L S L Y L V I F 
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W S T N N N N D L V N N • F N K N I F I 

r V P T I ITTWLT TI TKI S L L 1 

AT GGAGTACCA^ CAATAATAACGACC TGGTTAACAACTTTAACAAAAATAT C .TTATTAA 
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1360 1370 



TA TTCTTAATGGAGTTTATTTATCA , CA , , CM ■ UHG AAAATTGGACAACAA . A N AATGT 
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AAGATTGAACCAGCCATCTAGAAGAATTTTTATATTCTAAACAAA6AGAGGATGATGACG 
3490 3500 3510 3520 3530 

L S L L Q S R P N L V P A V A V I R V R 
YLCYSLOPISCQQSR*YE*^<> 
I FVTVSTQSR A SSRGN T =. s « 
TTATCTTTGTTACAGTCTCGACCCAATCTCGTGCCAGCAGTCGCGGTAATACGAGTGAGo 

3550 3560 3570 3580 3590 3t00 
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QAL F I I TRS KG*VGGY E L I N . 
KRY£SLLGLKGE*VVMNLLI 
SVIHHY*V*RVSRWL*TY*L 
CAAGCGTTATTCATCATTAC7AGGTCTAAAGGGTGAGTAGGTGGTTATGAACTTATTAAT 

3610 3620 3630 3640 3650 3660 

. * L E S N R R I K N F G S R D E I R * Y 
N * S R I E E* RILGV EMKSDD T 
T R V E S-K NKEFWE*R*N P M I P 
TAACTAGAGTCGAATCGAAGAATAAAGAATTTTGGGAGTAGAGATGAAATCCGATGATAC 

3670 3680 3690 3700 3710 3720 

p K D C S W R K H Y S N Y R L T L R Y E 
Q R T A H G E S I I L I I O * H * G T K 
KGLLMAKALF*LSTDTEVRK 

C GAAAGGACT6CTCAT6GCS AAAGCATTATTCTAATTATCGACTGACACTGAGGTACGAA 
3730 3740 3750 3760 . 3770 3780 

oliqo7R(R/C) 



SIRRRK D*IPL *FML*TM N A 
A*GGARIRYPCSLCCKR*ML 
H K E AQG LDTLVVY AV.NDEC* 
AGCATAAGGAGGCGCAAGGATTAGATACCCTTGTAGTTTATGCTGTAAACGATGAATGCT 

3790 3800 3810 3820 3830 3840 

R N * N T L F * F L W * R L * A F H L R 
EIRILYF SFCGEDFKHST*E. 

KLEYS'ILVSVVKTLSIPPEK 
AGAAATTAGAATACTCTATTTTAGTTTCTGTGGTGAAGACTTTAAGCATTCCACCTGAGA 
3850 3860 3870 3880 3890 3900 

STVARLKLKTLDGHRD 0 0 * S 
VLSQ G*NSKH*TVTEISSEA 
YCRKAETQNIRRSQRSAVKH 
AGTACTGTCGCAAGGCTGAAACTCAAAACATTAGACGGTCACAGAGATCAGCAGTGAAGC 
3910 3920 3930 3940 3950 39t>0 

M L F N S I T. H D K S Y H S L Y M K Y F 
C C L I R * P T T N LTT P. C I I N I F 
V V * F DN PRO I L P L L V. * • * I F S 
ATGTTGTTTAATTCGATAACCCACGACAAATCTTACCACTCCTTGTATAATAAATATTTT 

3970 3980 ' 3990 4000 401O 4020 

p*gi - vltl'rnfn*i I T. Y I l n 

L K0LF*L*GTLIK»*HIY L* 
L R D C F D F E E L * L N N K I Y T Y 0 
CCTTAAGGGATTGTTTTGACTTTGAGGAACTTTAATTAAATAATAACATATATACTTATG 
4030 4040 4050 4060 4070 4060 
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T S L * T Y L Y I F V I R H L N L Y ' * . * 
*VFK LT YIY L*YVI*TYINN 

K SLNLLIY ICNTSSKLILII 
ATAAGTCTTTAAACTTACTTATATATATTTGTAATACGTCATCTAAACTTATATTAATAA 
4090 4100 4110 4120 4130 ,4140 

* FN S Y Y * I D D I I V V N.VM D SN 
N S I V • I I E S M T * L L L K * -W I V I 
I Q* LLLN R*HNCC*CDG*** 
TAATTCAATAGTTATTATTGAATCGATGACATAATTGTTGTTAATGTGATGGATAGTAAT 

4150 4160 4170 4180 4190 4200 

NN*ILLWV*VTLV II TNYY H 
I IKYCYGCE*H * *** LIITI 

* UN I VMGVSN I S NNN * L L PL 
AATAATTAAATATTGTTATGGGTGTGAGTAACATTAGTAATAATAACTAATTATTACCAT 

4210 4220 4230 4240 4250 4260 

YKPQ***LIK*LNGMND*AI 
INHSN NN*LN N*ME*MIKQL 

* T T V I I ID* I I KWN E * . L S N * 
TATAAACCACAGTAATAATAATTGATTAAATAATTAAATGGAATGAATGATTAAGCAATT 

4270 4280 4290 4300 4310 4320 

SNSLIFIT GVAWLSLVRVVK 

V I H * Y L L Q V L H G C L * F V L * N 

* F I N IYYRCCMAVFSSCCEM 
^<~j^^-rT<->/\TTA^YaTT.TQTTACflGGTGTTGCAT < GGCTGTCTTTAGTTCGTGTTGTGAAA 

4340 oligo2R 43SO 

C * V N -S E N E R N P Y L Y L K L Y K E 

V R L I P K T N A I L I F I * N Y I K R 

L 6* F R KR TOS LSL F KT I * R G 
TGTTAGGTTAATTCCGAAAACGAACGCAATCCTTATCTTTATTTAAAACTATATAAAGAG 

4390 4400 4410 4420 4430 4440 



VSFH KKE*LG*RGVL MTLMt 
Y|_SI'RRNN*GEDK8S-*PLW.S 
I F P * E ' 6 I IRVKTS PHDPYGV 
GTATC fTTCCATAAGAAGGAATAATTAGGGTGAAGACAAGTCCTCATGACCCTTATGGAG 
4450 4460 4470 44S0 4490 4500 

WAT.DVP-OIF L Q R E A K..M K V * A 
GLQTCHKYFYKGKQR*KSEL 
GYRRATNISTKGSKDESLS* 
TGGGCTACAGACSTGCCACAAATATTTCTACAAAGGGAAGCAAAOATGAAASTCTGAGK. . 

4*10 4520 4S3C 4540 4550 456C 
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N P Q K K * K Y G * . E S G T R F F E EG 
I L K R N K S T D K N L E L D S L K K E 
.SSKEIKVR IRIWNSIL*RRN 

AATCCTCAAAAG A^ATAAAAGTACGGATAA£ AATCTGGAACTCGATTCTTTGAAGAAGGfi 
4570 4580 4590 4600 4610 4620 

ohgo2F(R/c) 

I ASN R SSSRN G ET N I CD V ° L T 
LLVIVHH.Q GTVKRTSVhy*L 
C**SFIIKE R*NEHL*CT N Y 
ATTGCTAGTAATCGTTCATCATCAAGGAACGGTGAAACGAACATCTGTGATGT ACTA ACT 
4630 . 4640 4650 . 4660 4670 4680 



TROARKSLRSIKLI EFN F * R 
LVKP. ENH*EV SS *LNLISKE 
SSSAKIIKKYCVO*I*FLKS 
^rTrftTr^ftrBr.GAAAATCATTA ^GAAGTATCAAGTTGAT. TGAATTTAATTTCTAAAGA 
4690 4700 4710 4720 4730 4740 

oligo IR 

V KEFNICRIKQFQRLFP RNL 
LKNLTSVESKDFSVYFLEIC 
*RI*HL*N QRISASIS *KFV 
GTTAAAGAATTTAACATCTGTAGAATCAAAGGATTTCAGCGTCTATTTCCTAGAAATTTG 
4750 4760 4770 4780 -4790 4800 



C*VEIR*L*GNL*LKD* ITH 
*GSCRGTCS*KIK*PI 

N N P * 
*ATAACCCAT 

4810 4820 4830 4840 4850* 4860 - 



HNS la O v» r* a i^w ■ - 

LSRNKVAVGEPVAE _E L_ * 

TGCTAAGTCGAAATAAGGTAGCTGTAGGGGAACCTGTAGCT6AAAGATTAk<: 
znm 4R?o 4830 4840 485<7 



NPTSFLKRRILIVVPRIGCK 
TPPHFLREES**WSOG* AVN 
PHLIS*EKNLDSGPKDRL*T 
AACCCCACCTCATTTCTTAAGAGAAGAATCTTGATAG7GGTCCCAA6GATAGGCTGTAAA 
4870 4880 4890 4900 4910 4920 



PISFNTCEGSTPSLL.ILRLT 
L *VLILVRVRLPLFSYFD* L 
YKF*YL*GFDSLSSH TS ID.S 
CCTATAAGTTTTAATACTTGTGAGGGTTCGACTCCCTCTCTTCTCATACTTCGATTGACT 
4930 4940 4950 4960 4970 4980 



LSL-ILRLIFLILRLS-FSHAS 

3LSYFDLSFSYF0CLFLMLQ 
LSKTSTYLSHTST-VF'FSC f k 
CTCTCTCTCATACTTCGACTTATCTTTCTCATACTTCGflCTGTCTTTTT^rCATGCTTCe 
4990 5000 5010 5020 5030 0 || ao g F 5040 
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S OSs"HLFOLLYSe*FDYLFL 
VTLLIY SIYF IPN SLIIYSY 
*LFSFIR FTLFPIV*I_FIPT 
A STGACT CTTCTCATTTATTCGATTTACTTTATTCCCAATAGTTTGATTfiTTTATTCCTA 
' 5050 5060 5070 5080 5090 5100 

LV0* LCSTLINLIN.SILMF.* 
SFNOFVLLL*I*S ILFLCFE 
RSMTL FYSYKFNQF Y.SYVL N 
CTC6TTCAATGACTTTGTTCTACTCTTATAAATTTAATCAATTCTATTCTTATGTTTTGA 
5110 5120 5130 5140 5150 5.160 

T V T I A-»W*SKALLMLOO.KS O 

* L L * L S G K A K H C * C F N R S P I 
SYYSLVVKQSTVNASTEVR F 

ATAGTTACTATAGCfTAGTGGTAAAGCAAAGCACTGTTAATGCTTCAACAGAAGTCCbAT 
5170 51S0 5190 5200 5210 5220 

S S * * R MFSL ENSTS CLS I- L 
L L S N E C L V * KT.OQVA»Ah Y. * 
FLVTNV'*FRKLNKLL E H S. IS 
TCTTCTTAGTAACGAATGTTTAGTTTAGAAAACTCAACAA6TT6CTTGAGCATTCJATTA 

5230 . 5240 5250 5260 5270 52S0 

A I L V V TSKNPVL SLLYL I G L 

\ Y * W * L L R 1 0 F h L Y Y 1 * U U 

Y ISGNF*ESSSF. FIIFDWII 
rrTnT ^ T ..r^T AA rT,TrT^ATCCAGTTCT.TTCTTTATTATATTTGATTGGATTA 

5290 5300 5310 " 5320 5330 5340 

ohgo mm 

F I D I G V Y L I S L Q L T Y L G L S Y 

L « I « V C I » Y L F S » L T « tt Y H I 

VR YRCVFOISSVN LLRVI I Y 
TTTATAGATATAGGTGTGTATTTGATATCTCTTCAGTTAACTTACTTAGGGTTATCATAT 

5350 5360 5370 5380 5390 ..5«oc 



T TVYVGATftMLFI F V- I, M " <- N . 

* L Y WLELLQC CLSL" * L * C » -I 



ATAACTGTATATGTTGGAGCTATTGCAATGTTGTTTATCTTTGTAATTATGATGTT 



5410 5420 5430 



NC ICWSYCN VVYL CNY D V K _Y 

TGTTTATCTTTGTAA 

5440 . 

I-QVVESKKKT I * ^ 6 , L , 

S K I « N L y R £ R p ^ TTWT^I 

atccaagttgtagaa^ctIaaaagaagacaaa \^ 5TA I??£ CTTAGG ino 

5470 5430 5490 r o 5510 ->5~U 
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FLGSSLVFTLYLSLPRE I 1 ^ 

~~F ^ D L A * Y L H F I Y L Y 5 E K * * W 
FRI* L SIYTLFISTKR NNNG 

'tttttaggatctagcttagtatttacactttatttatctctaccaagaqaaataataaig 

• ' 5530 5540 5550 5560 5570 5580 



EKYSHLFSYFSWENRILNP S 

Hr N I L I S S H f S L G K I E F * IL G 
EIFSSLLILLLGK*NFK"SFS* 
GAGAAATATTCTCATCTCTTCTCATACTTCTCTTGGGAAAATAGAATTTTAAATCCTTCA 

5590 5600 5610 5620 5630 5640 



V . y£ I LG KVLYTOYSLWL LL I 

-5 * R Y~ * V K Y F I 0 f I L S G Y C * * 

r RR'NTR**STLYRLFSLVIVNK 
GTCGTAGAAATACTAGGTAAAGTACTTTATACAGACTATTCTCTCTGGTTATTGTTAATA 
5650 5660 5670 5680 5690 5700 



~V * Y W C J L L L E P F L * 0 L T K N K 
SNI'G'ASYCWSHFYSSS-QRIS 
AGTCTAATATTGGTGCTAGCTATTGTTGGAGCCATTTCTATAGCAGCTCACAAAGAATAA 

5710 5720 5730 5740 5750 5760 - 
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Ll LSIN*CYLKY* Y**YPYC 
*YYPSI NVI*SISINSIRTV 
GTTAATATTATCCATCAATTAATGTTATTTGAAGTATTAGTATTAATAGTATCCGTACTG 
5770 5780 5790 5800 5810 5820 



M G S M 



— V Z L f * P * 5 R E K *W D C K D V 

KCCLSNLSREKSDGI YAKTF 
TTAAGTGTTGCTTATCTAACCTTAGCAGAGAGAAAAGTGATGGGATCTATGCAAAGACGT 
3830 5840 5850 5860 5870 5880 

L GPN AVGYYGLLQPF A DALK . 

H — 5 R Ft P * 5 I R V~~Y Y N P L Q M P -N 

RTECRRILWFITTLCRCLKI 
TTAGGACCGAATGCCGTAGGATATTATGGTTTATTACAACCCTTTGCAGATGCCTTAAAA 
5890 5900 5910 5920 5930 5940 

L I V » K ET I IPSQAN K I LF F L G_ 

~ 5 ; J R K 0 * Y I L K P I K S Y S F * V 

DSERNNNTFSSG*NLILSRS 
TTGATAGTGAAAGAAACAATAATACCTTCTCAAGCCAATAAAATCTTATTCTTTCTAGGT 
5950 5960 . 5970 5980 5990 6000 
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M I A L V F A L L G VI 



L *LL*SLPC*DG'V*YLMGLG 
YOCFSLCLVRMGSNT.LWAWG 
rrrTATGATTGCTTTAG jTCTTTGCCTTGTTAGGAtT GGGGTCTAATACCTTATGGGCCTGGG ' 
6010 6020 6030 6040 6050 6060 

oiigo6R 



O C S V I L N * E-'F S I V * L F L L * • 
NN l * F* I RSSL*FSYF FCRG 
GCAACAATCTGTGATTTTGAATTAGGAGTTCTCTATAGTTTAGCTATTTCTTCTGTAGGG 
6070 6080 60^0 6100 6110 612C 



VYGILIGGWSSNSK YPL VGS 
FTES**GVGHPIPNIL**V L 
LRNLN RGLVIQFQ ISFSRF S 
r:TTTAr^GAATCTTAATAGGGGGTTGG JCATCCAATTCCAAATA,T CCTTTAGTAGGTTCT 

6130 6140 6150 6160 6170 6ieO 

oligo6F(R/c) 

lrst^qlisy'elvlts ivf i_ 

*GVQLN*LVMN* FLURL i VSS 
KEYSSIN.*L*TSSYFDCIHK 
CTAAGGAGTACAGCTCAATTAATTAGTTATGAACTAGTTCTTACTT.CGATTGTATTCATC 
6190 6200 6210 6220 6230 6240 

I V F F SGTLNWTQLVEA QHS L_ 

T § S S L E L L I G L N W S K L N I L F 
C L L L W N S * L D 5 IGRSST FY L 
ATTGTCTTCTTCTCTGGAACTCTTAATTGGACTCAATTGGTCGAAGCTCAACATTCTATT 
6250 6260 6270 6280 6290 6300 



WYC I PLLPLFVWYFIGALAE 
~G I - A Y U F Y H F L S~ CISLEL**LK 

V- LH T SSTT FCHVFH WSF S*N 
TGGTATTGCATACOTCTTCTACCACTTTTTGTCATGTATTTCATTGGAGCTTTAGCTGAA 
6310 6320 6330 6340 6350 6360 



TNRAPFDLPEAESELV AGFM 

"q i E L L L I Y P K R S L N * L S 5 L * 
KSSSF*FTRSGV*ISCRI^YO 
ACAAATCGAGCTCCTTTTGATTTACCCGAAGCGGAGTCTGAATTAGTTGCAGGATTTATG 
6370 6380 6390 6400 6410 6420 



TEYSAAIF VYYFLAE YGNIL 
QNIPQLYSYITS*0NTGIFH 
RIFRSYIRILLLSR IREYSF 
ACAGAATATTCCGCAGCTATATTCGTATATTACTTCTTAGCAGAATACGGGAATATTCT T 
6430 6440 6450 6460 6470 6430 
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L I S T L S V ' I ■ F F L G G Y L L P F E G_ 

~ S O H Y Q * S S 53 E V I Y Y L S K V 

N LNIISDL.LLGRLFITFRRL 
TTAATCTCAACATT-ATCAGTGATCTTCTtCTTGGGAGGTTATTTATTACCTTTCGAAGGT 
6490 6500 6510 6520 6530 6540 



~V Y N L L E L V Y S L Z L A IE Y L F Y 

STTCWNW FTV YYWL*STYFI 
TGTCTACAACTTGTTGGAATTGGTTTACAGTCTATTACTGGCTATAGAGTACCTATTTTA 
6550 6560 6570 6580 " 6590 6600 



s* ll"olqkesfmvfp*vlky 

LNFFSYRRNLLW SFP RY* S I 
TTCTTAACTTCTTCAGTTACAGAAGGAATCTTTTATGGTCTTTCCCTAGGTATTAAAGTA 

6610 6620 6630 6640 6650 6660 



SLLIFLFIWVRASF PK-1 k r i, 

— y J y F Y L Y~~G L~~E L L SHE * D M I 

p IN I FIYM G*SF FPTNKI*S 
TCTTTATTAATATTTTTATTTATATGGGTTAGAGCTTCTTTCCCACGAATAAGATATGAT 
6670 6680 6690 6700 6710 6720 



H I FQRTLO-HKGI I S PI P K D 1_ 

I Y S K G H * I IRALYQI FO RT L 
v I PKOIRS*GHY IR Y'SKG H* 
CATATATTCCAAAGGACATTAGATCATAAGGGCATTATATCAGATATTCCAAAGGACATT 
6730 6740 6750 6760 . 6770 *730 
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